Pulmonary micro-aspiration of enteral feed in intubated critically ill patients has been reported to occur commonly. In this prospective observational study the incidence of micro-aspiration, diagnosed by a modified glucose oxidase test, is reported in 25 enterally fed critically ill and tracheally intubated patients on a general intensive care unit. Episodes of microaspiration were correlated with changes in P a O 2 /FiO 2 ratio as an index of changes in degree of lung injury. The modified glucose oxidase test differs from the traditional glucose oxidase test because of the enrichment of the feed with glucose (10 g glucose added to 500 ml enteral feed resulting in a tenfold increase in glucose concentration). Pulmonary aspiration of feed was detected by exposing a glucose oxidase strip to tracheal secretions. The feed was enriched with glucose to improve the ability of the reagent strip to detect the feed. The incidence of aspiration of feed was 44% with a prevalence of 6.9% per day of intubation. Only 43% of these episodes of aspiration were detected by the feed being seen in the tracheal secretions. Aspiration was associated with a mean fall in the P a O 2 /FiO 2 ratio of 5.6 kPa from 27.1 kPa to 21.5 kPa (P=0.002).
In the absence of contraindications, the gastrointestinal tract is normally the most appropriate route to feed the critically ill patient 1 . Feeding by the enteral route can be complicated by the aspiration of the stomach contents to the lungs 2 . Critically ill tracheally intubated patients are particularly vulnerable to pulmonary aspiration because even an adequately inflated high-volume low-pressure (HVLP) tracheal tube cuff does not prevent the passage of fluid from the oropharynx to the lungs [3] [4] [5] [6] [7] .
Aspiration of stomach contents can cause direct injury to lung tissue, and if the stomach contents are colonized with bacteria, this can cause ventilatorassociated pneumonia (VAP). It is known that the pulmonary aspiration associated with tracheal intubation is a key step in the pathogenesis of VAP 8 .
There are many causes of hypoxia in the critically ill ventilated patient and it may not always be apparent that aspiration is responsible for an episode of desaturation. In fact pulmonary aspiration is clinically unrecognisable in 21 to 50% of patients 2 . It is however important that aspiration is detected at the bedside as it is important in the differential diagnosis of hypoxia and in the modification of the feeding regimen and patient management plan.
Currently there is no simple and reliable bedside test to facilitate the detection of feed aspiration. Methods to diagnose and prevent aspiration of enteral contents into the trachea of the critically ill intubated patient have been studied, but no one method seems to be consistent, accurate, easy to use in the clinical setting and safe for all patients 9 .
The modified glucose oxidase test strip method for the detection of aspiration of enteral feed has been described previously in this journal in a single patient case report 10 . The test was simple to use for routine monitoring. In the case report the detection of aspiration was coincidental with a fall in P a O 2 /FiO 2 ratio of 5 kPa. The test is now routinely used on our intensive care unit.
We report the incidence and prevalence of pulmonary aspiration of enteral feed in the critically ill intubated patient as demonstrated by the modified glucose oxidase strip test and the respiratory deterioration associated with aspiration.
MATERIALS AND METHODS
A prospective observational study was performed in a five-bed general intensive care unit. The study involved analysis of routinely collected data and was registered with the hospital's audit department and research and development committee. The modified glucose oxidase test is routinely used to assist the management of all enterally fed intubated patients on our intensive care unit.
Glucose was added to the feed of 25 sequential nasogastric tube-fed critically ill, tracheally intubated patients as described by Young 10 . All patients being enterally fed while endotracheally intubated or with a tracheostomy tube were included.
Twenty millilitres of 50% dextrose (10 g) was added to each 500 ml carton of enteral feed (Osmolite, Ross Products Division, Abbott Laboratories, Columbus, OH, U.S.A.) using a sterile hypodermic needle through the covering foil of the feed carton just prior to puncturing the foil with the spike of the giving set being used for administration of feed. This increased the carbohydrate load by only 14%, from 68 to 78 grams, but the glucose concentration was increased by 1000% from 11 mmol/l to 120 mmol/l. The addition of glucose is likely to improve the ability of the glucose oxidase reagent strip to detect aspiration of enteral feed. Unfortunately, there is currently no gold standard bedside test so we could not perform a sensitivity and specificity analysis. However, even if the gastric, pharyngeal or tracheal secretions are diluted eight-fold, the concentration of glucose in the aspirate is sufficiently high to give a definite positive result.
The P a O 2 /FiO 2 ratio was routinely monitored in all patients at four-to six-hourly intervals.
Pulmonary aspiration of enteral feed was monitored both clinically (by observation of the tracheal secretions by the nursing staff) as well as with glucose oxidase strips immediately after blood gas analysis. A glucose oxidase strip was positioned in the tracheal aspirate suction tubing so that any secretions coming up the suction tube would come into contact with the strip as they passed. A positive result was taken as a glucose oxidase strip value greater than the patient's blood glucose level.
If the patient aspirated, the time of detection by the modified glucose oxidase strip test was noted.
The P a O 2 /FiO 2 ratio taken closest to 6 and 12 hours prior to aspiration, at the time that aspiration was detected and those taken 6, 12, 24 and 36 hours afterwards were recorded.
Management of aspiration as detected by the modified glucose oxidase strip method was directed at reducing the chance of further aspiration and improving oxygenation. This was achieved by one or more of the following: emptying the stomach, introducing a gastric motility agent, ensuring that the patient was maintained in a semi-recumbent posture and increasing oxygen and/or positive end-expiratory pressure (PEEP) as required. Patients with recurrent aspiration had the tracheal tube changed to a new prototype silicone cuffed tube that has been shown to eliminate aspiration 7 .
RESULTS
There were 25 patients in the study and of these 11 patients aspirated (incidence=44%).
There were 14 episodes of aspiration in 203 days of enteral feeding (prevalence=6.9% per day of ventilation).
Of the 14 episodes of aspiration, six were recognised clinically (that is 43% of aspirations recognised at the bedside by feed being seen in the aspirate prior to the tracheal glucose oxidase test being interpreted). The mean fall in P a O 2 /FiO 2 ratio taken closest to 6 hours prior to aspiration compared with that taken at the time that aspiration was detected by the enriched feed glucose oxidase test was 5.6 kPa from 27.1 kPa to 21.5 kPa (Wilcoxon Matched Pairs Rank Sum Test, P=0.002) (Figures 1, 2 ).
DISCUSSION
In this study we have found an incidence of aspiration of 44% in the tracheally intubated, critically ill patient as detected by a modified glucose oxidase test. Only 43% of these incidents were detected clinically. Furthermore, aspiration was associated with a significant fall in the P a O 2 /FiO 2 ratio. The incidence of aspiration in tracheally intubated critically ill patients has previously been estimated by Kingston and co-workers at between 20 and 25% and this was associated with an increase in nosocomial pneumonia 2 . Unfortunately our institution has the facility to perform qualitative but not quantitative cultures on respiratory specimens and so we could not monitor patients for development of pneumonia by the Consensus Conference criteria 11 . We did, however, look at acute respiratory deteriorations as evidenced by a fall in the P a O 2 /FiO 2 ratio (of 5.6 kPa) determined prior to and after episodes of aspiration. Importantly, 57% of these feed aspirations were not recognised clinically by the nursing staff prior to the modified glucose oxidase test being performed. Without the test, a number of these hypoxic events might have been attributed to other causes, thereby denying the patient appropriate management.
Clinical techniques for diagnosing pulmonary aspiration are unreliable and there is no gold standard bedside test against which this test could be evaluated 9 . In an attempt to improve sensitivity, the following alternative techniques have been used. Blue dye methods have poor sensitivity and have complications. Potts and co-workers found that dye added to the enteral feed of intubated critically ill patients was poor at detecting clinically apparent aspiration (sensitivity 15%) or aspiration as detected by the conventional glucose oxidase strip method (sensitivity 13%) 11 . The complications associated with the dye indicator method now contraindicate its use. Nosocomial infection with Pseudomonas sp. has been reported with the source being a contaminated bottle of blue dye 13 . Large quantities of blue dye added to enteral feeds can cause discolouration of tissues and secretions 14 and it has even been linked with mortality in three septic patients. The deaths were probably due to absorption of the dye and subsequent inhibition of mitochondrial oxidative phosphorylation 15 . The standard glucose oxidase strip method for the detection of feed aspiration is no longer recommended 9 . The tracheal secretion glucose concentration in non-enterally fed patients (5.8±3.9 (SD) mmol/l) is in part determined by the ambient extracellular glucose, and in one study this was higher than the glucose concentration of three of five enteral feed formulae tested 16 . The five commonly used feeds tested Osmolite, Osmolite HN (Abbott Laboratories), Isocal, Isocal HN (Mead Johnson, Bristol-Myers Squibb, Evanston, IN, U.S.A.) and Pulmocare (Abbott Laboratories) had glucose concentrations of 2.4 to 11.2 mmol/l. The low glucose in these formulae is due to the presence of carbohydrate polymers that are not detected as glucose. This limits the utility of the standard glucose oxidase test to detect feed aspiration 17 . The addition of glucose to the feeds in this modified test however, increases the glucose concentration of the feed increasing from less than 11.2 mmol/l to approximately 120 mmol/l 10 . Radioisotope techniques have been used but are not suitable for routine clinical use and are limited to research trials. Torres and co-workers used technetium (Tc)-99m sulphur colloid labelling of gastric contents, and measured sequential radioactive counts in tracheal secretions of intubated and mechanically ventilated patients 18 . Radioactive counts in secretions were higher in samples obtained while patients were in the supine than in the semi recumbent position and the aspiration pattern was time-dependent. The overall aspiration rate (i.e. increased radiolabelling found in the secretions) was 100% in the supine and the semi-recumbent position. The same bacteria were isolated from the stomach, pharynx and tracheal secretions in 68% of supine samples as opposed to 32% of semi-recumbent samples.
In the present study we observed that the P a O 2 /FiO 2 ratio improved over the ensuing 36 hours. This is likely to be due to the management techniques we used following aspiration. To minimize further aspiration we used one or more of the following interventions: an increase in positive end-expiratory pressure (PEEP), the discontinuation of feed and emptying of the stomach, the use of prokinetic agents (erythromycin or metoclopramide) and the use of the 40 degree semi-recumbent position. To improve oxygenation we used increased PEEP and alterations of the ventilatory pattern as appropriate, an increase in FiO 2 , and blind tracheal suctioning of secretions.
PEEP and ventilation pattern changes are not reflected in the P a O 2 /FiO 2 ratio, and the improvement in oxygenation seen in the 36 hours after aspiration may be partly due to recovering lung and partly as a reflection of an increase in ventilatory support not reflected in the P a O 2 /FiO 2 ratio. Patients who have recurrent episodes of aspiration of feed on our intensive care unit have a tube change to a prototype silicone tube that has been shown to minimize aspiration 7 . This enables the continuation of feeding and although regurgitation may occur tracheal aspiration is prevented. This observational study describes an incidence of aspiration of 44% in the enterally fed and tracheally intubated critically ill patient, of which incidents only 43% were detected clinically. Aspiration as detected by the modified glucose aspiration test was associated with a significant fall in the P a O 2 /FiO 2 ratio of 5.6 kPa. The modified glucose oxidase test to detect aspiration represents a new and simple approach to diagnosis, thereby allowing appropriate measures to be taken at the earliest possible stage to prevent further aspiration and therefore further deterioration.
